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INTRODUCTION 
The term visual masking refers to the fact that the appearance 
of a brief test stimulus can be affected by a masking stimulus that is 
placed in close spatial or temporal contiguity. The effects of the mask 
upon the .test can be operationally defined, for example, as an increase 
in the threshold of the test or a decrease in per cent correct in recog-
nition or detection tasks in which the test is the target. Kahneman, 
in his 1968 review of the masking literature, distinguishes among several 
types of visual masking, and it will be helpful to follow his example 
here. Backward masking refers to the case in which the test stimulus 
precedes the masking stimulus in time, and forward masking occurs when 
the nasking stimulus is presented before the test stimulus. In both 
backward and forhard masking the test and masking stimuli overlap spa-
tially. In other cases in which the test and masking stimuli do not 
so overlap, the terms metacontrast and paracontrast are used to describe 
the same temporal conditions as backward and forward masking, respec-
tively. This proposal. deals with a backward masking paradigm, and the 
following review will be mainly restricted to that area. 
In these experiments I will attempt to explore the effects on 
masking of varying the temporal and spatial relationships between the 
test and masking stimuli. Specifically, duration thresholds, (i.e., the 
duration of the test stimulus wr1ich can be just detected by the subject 
in a back>,ard masking paradigm), will be obtained for three test stimuli 
l 
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which exhibit varying degrees of spatial overlap with a masking stimulus. 
The interstimulus interval (ISI) between the offset of the test sUmulus 
and the onset of the masking stimulus will also be systematically manip-
ulated across all three stimulus conditions. Felr studies in the lack-
ward masking literature have made the relationship between temporal and 
spatial factors their main concern, although many have treated them 
separately. Several investigators (e.g., Donchin, 1967; Haber & 
Nathanson, 1969) found the time from the onset of the test stimulus to 
the onset of the masking stimulus to be the temporal factor that deter-
mines the amount of masking that will take place in a backward masking 
paradigm. Others (e.g., Kinsbourne & Warrington, 1962; Turvey, 1973) 
have found the time from the offset of the test stimulus to the onset of 
the masking stimulus to be the critical temporal determinant of masking. 
Since it has been shown by several researchers (e.g., Battersby & 
Wagman, 1962; Kolers, 1962) that as the degree of spatial overlap between 
the masking stimulus and the test stimulus increases that the amount of 
masking also increases, this author believes that some of the controversy 
about the true temporal determinant of masking may be settled if the 
spatial characteristics of the test and masking stimuli are taken into 
account. A thorough psychophysical investigation of these factors is 
now therefore in order. 
It is necessary, however, to point out that many of the experi-
ments included in the following review have employed widely differing 
paradigms. Digits (e.g., ~~yzner & Greenberg, 1971); letters (e.g., 
Schiller, 1965 and 1966; Uttal, 1971); discs (e.g., Frumkes & Sturr, 
1968; Kolers, 1962); bars (Sekuler, 1965); and trigrams (Turvey, 1973) 
have been used as test stimuli. The masking stimulus has taken many 
forms, including homogeneous fields (e.g., Donchin, 1967; Schiller, 
1966); random noise (randomly arranged dots or lines; e.g., Kinsbourne 
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& Warrington, 1962; Scharf & Lefton, 1970; Uttal, 1971); and specific 
patterns (e.g., Haber & Nathanson, 1969; Schiller, 1966). These stimuli 
have been presented as black figures on white backgrounds (e.g., 
Schiller, 1965; Sekuler, 1965) and as flashes of light (e.g., Frumkes 
& Sturr, 1968; Schiller, 1966; Stecher, 1971). Subjects have been 
required to identify stimuli (e.g., Haber & Nathanson, 1969; Mayzner & 
Greenberg, 1971) or merely to detect their presence (e.g., Sekuler, 
1965; Stecher, 1971). The problem here is that it is often difficult 
or even impossible to make comparisons among the data from studies that 
differ in one or more of the above-mentioned respects. Turvey (1973), 
for example, obtained different masking effects depending upon whether 
he used a black pattern or black random noise as a masking stimulus. 
When Kolers (1962) compared masking of black-on-white and light-flashed 
stimuli, he found that the " ••• effects of stimulation with black forms 
in masking experiments are not mirror images of those obtained with 
flashes of light ••• " For this reason, then, the reader must keep in 
mind that the studies in the review to follow are not all strictly 
comparable and that discrepancies across findings may be due to minor 
differences in paradigm. 
REVIEW OF RELEVANT BACI\i'lARD MASKING LITERATURE 
Temporal Studies 
One of the most consistent findings in the area of back-w-ard 
masking is that as the ISI between the test and masking stimuli is in-
creased, the degree of masking decreases, This has been shown for 
the recognition of light-flashed letters serving as both test and 
masking stimuli (Schiller, 1966); black letters masked by black patterns 
(Schiller, 1965); light-flashed letters masked by random dots (Uttal, 
1971); and sequences of black letters masked by random patterns (Scharf 
& Lefton, 1970), Similarly, Kolers (1962) found that the duration thresh-
olds of light flashes serving as test stimuli always increased mono-
tonically as the ISis between them and the masking flashes decreased, 
and the intensity threshold of light-flashed test stimuli determined by 
Battersby and Wagman (1959) also rose with decreasing ISI. Finally, 
Sekuler's (1965) measures of the duration thresholds of a single black 
bar when masked by spatial frequency gratings at va1~ing ISis exhibited 
the same relationship between ISI and test threshold mentioned above, 
Despite the fact that all of ~~e studies demonstrated that 
increased ISI led to decreasing masking effects, there has been some 
question as to whether ISI was really the critical temporal deter:minant 
of masking. That is, do changes in ISI affect the deg:cee of masking 
that takes place, or is ISI merely confounded with some other variable 
4 
that really determines the extent of masking? Kahneman (1967), for 
example, showed that the time elapsed between the onsets of the test 
and masking stimuli, or stimulus onset asynchrony (SOA), was of crucial 
importance in determining the extent of metacontrast masking. Donchin 
(1967) found the same result within a backward masking paradigm. He 
presented subjects with a semicircular test stimulus, which could be 
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in one of eight positions, followed by a 10 msec masking disc. Both 
stimuli were light flashes, and the subjects' task was to identify which 
position the test stimulus was in. The luminance and duration of the 
test stimulus were varied over trials. Donchin employed the "critical 
masking interval"--that is, the ISI at which the probability of a correct 
response was equal to 0.5--as his dependent measure of masking, He found 
that when he plotted his data as a function of simultaneous onset asyn-
chrony (SOA), the effects of test stimulus duration were much less 
pronounced than when the data were plotted as a function of ISI. This 
suggested to the author that when IS! was used as the critical masking 
variable that the effects of test stimulus duration were confounded 
with those of SOA. 
Kinsbourne and Warrington (1962), however, demonstrated that ISI 
had a substantial effect upon the extent of backward masking. They 
utilized black-on-white letters as test stimuli and a random pattern 
("visual noise") as a masking stimulus. The durations of the mask and 
the test were varied from 2.5-1600 msec and from 2.5-8 msec, respectively. 
The dependent variable was the IS! at which the subject could correctly 
identify the test stimulus. These authors found that at the minimum 
IS! at •mich the mask was no longer effective, that IS! X test stimulus 
duration = a constant. If SOA were the critical variable, the relation-
6 
ship would have been found to be ISI + test stimulus duration = a 
constant. Turvey (1973) replicated Kinsbourne and Warrington's findings 
with symmetric letters as test stimuli. He concluded that "it is quite 
evident that the formulation target duration X critical interstimulus 
interval = a constant argues strongly against onset-onset time and for 
target duration as the relevant p:trameter in masking by noise." Thus, 
the results of Kinsbourne and Warrington and of Turvey indicate that 
the way in which the interval of time from the onset of the test stim-
ulus to the onset of the masking stimulus is divided between test 
stimulus duration and ISI is important in determining the amount of 
masking that will occur. 
To further complicate the issue Turvey obtained conflicting 
results in a later experiment (Experiment XII), when he compared the 
results of using a black random noise mask and a black patterned mask. 
He found that when black trigram test stimuli were followed by a random 
noise mask that the resulting data followed the Kinsbourne and Warrington 
formula--target duration X critical ISI = a constant--and that the same 
was true of trigram test stimuli at very brief durations (i.e., 2-3 
msec) follOl-red by a patterned mask. At longer durations (i.e., 4-16 
msec) of the test stimulus, on the other hand, masking by a patterned 
stimulus yielded data that obeyed the following formula--target duration 
+ critical ISI = a constant. In other words depending upon the type of 
mask used and the duration of the test stimulus, the same author found 
that either SOA or ISI could be the critical temporal determinant of the 
extent of masking (see Figure 1). 
Additional studies dealing with this problem have failed to 
agree upon which temporal parameter is the most important in backward 
Test Duration X ISI = A Constant 
/ 
... . 
Test Dura/tion + ISI = A C~ns~~t 
- . 
8 24 40 
TEST DURATION (msec) 
• 
li'igure 1. . Relationship betxeen test dw:ation and the mean critical 
interstinul t:.s in ten-al for monoptic r. . .:.~.ski.'lg by a. p.:1 t tcm 
. mask. Nod.ified fro.a F·ig-:.u-e 12 in Turvey 1 N. T., 1973. 
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masking. Haber and Nathanson (1969) utilized a rather unusual paradigm 
in which the individ1.1al letters of words were sequentially presented to 
the same spatial location so that each succeeding letter served as a 
backvTard mask for the letter which preceded it. Words of 4-8 letters 
were employed as light-flashed stimuli, with durations and ISis varying 
from 10-150 msec, Subjects were instructed to begin identifying the 
individual letters of each word after the last letter of the word had 
appeared, They were told to make no attempt to name the word itself, 
These authors found that it made little difference in the subjects' 
performance how the time from the onset of one letter to the onset of 
the next (or total processing time) was divided between test duration 
and ISI, and they concluded that SOA predicted letter recognition within 
their paradigm better than either test duration or ISI. 
An obvious confound in the Haber and Nathanson study is the fact 
that they used sequentially presented words as stimuli. Even though 
subjects were instructed not to attempt to name the words presented on 
each trial, the possibility exists that subjects were able to "fill in 
the gaps" of individual letters they did not perceive by guessing at the 
entire word, This possibility is heightened even further because the 
authors used the 250 most frequently used words of each word length from 
the Thorndike-Large word frequency count, A study by Mayzner and 
Greenberg (1971, Study 2) utilized a similar paradigm with randomly 
constructed input strings of 2, 3, and 4 digits, These stimuli were 
light flashes and were successively presented to the same spatial loca-
tion. Total processing time (or SOA) of 5-75 msec was partitior.ed into 
various different combinations of stimulus duration ("on time") and ISI 
("off time"). Again, the subjects' task was to identify the digits in 
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each string after the last digit in a string had been displayed. Mayzner 
and Greenberg found that the way in which the onset-onset interval for 
each digit was divided between digit duration and ISI did indeed have an 
effect upon recognition performance. TI1e authors concluded that althou~1 
Haber and Nathanson found that SOA or total processing time was the only 
critical temporal variable in maskings that their own results indi-
cated that the r~Y in which the total processing time was divided between 
on and off times for each digit had effects which were "large, signifi-
cant, and highly complex." 
One thing which is clear at this point is that all of the above 
studies differed in many respects. The type of test stimuli and the 
nature of the mask varied across studies, as did the mode of presentation 
(black on 1-Thi te versus light-flashed) of the displays. Furthermore, the 
studies by Haber and Nathanson and by f1ayzner and Greenberg are not 
comparable to the other experiments reviewed in that they used paradigms 
in which both forward and backward masking could occur (except in the 
case of Mayzner and Greenberg's 2-digit strings). Any of these differ-
ences in technique could possibly account for the differences in findings 
which have been obtained in these studies. It is therefore difficult to 
conclude exactly what temporal variable is the principle determinant of 
the extent of backward masking, and it is for this reason that this 
proposal will explore the temporal parameters involved in masking as 
one of its main objectives. 
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Spatial Factors 
Another aspect of the backHard. masking phenomenon Hhich has 
attracted some attention is the effect of spatial parameters upon 
masking. Liss (1968) concluded from the results he obtained in an 
experiment in which arrays of letters were masked by a pattern that 
" • it appears that backward masking stops stimulus processing when-
ever the spatial analysis of both the stimulus and the mask requires 
the use of the same central mechanism" This may be interpreted as 
meaning that the greater the similarity or amount of spatial overlap 
between the test and masking stimuli, the more pronounced masking will 
be. Several authors have indeed found this to be the case in a number 
of different instances. Schiller (1966) used light-flashed letters of 
equal durations as both the test and masking stimuli. The degree of 
overlap between the test and the mask was varied, and a recognition 
task was employed. The author found that the amount of masking in7 
creased (that is, recognition scores declined) as the degree of overlap 
between the test and masking stimuli increased, This led him to conclude 
that his results implied that masking should be most pronounced in the 
case in which the test and the mask are identical. In a similar study 
in which black letters were masked by light-flashed stimuli which 
exhibited various degrees of patterning, Schiller and Wiener (1963) 
found masking to be at a maximum when intermediate amounts of patterning 
were used in the mask. On the basis of this finding, the authors sug-
' 
gested that two criteria regarding spatial parameters must be adhered 
to if the greatest amount of masking is to take place: a) there must 
be a high degree of similarity in the pattern contrast of the test and 
ll 
the mask; and b) there must be maximal physical overlap between these 
two stimuli. 
An exper:iment by Sekuler (1965) mentioned earlier represents 
an interesting departure from most backrrard masking studies, yet it 
yielded results analogous to those already described, Sekuler used a 
black bar as a test stimulus and measured its duration threshold when 
it was masked by spatial frequency gratings composed of bars identical 
to the test stimulus, He varied the size of the angle (o<), and there-
fore the amount of overlap between the test and masking stimuli and found 
that the duration thresholds for the detection of the test decreased 
with increasingo<, This was true for both horizontal and vertical test 
and masking stimuli. 
Kolers (1962) also measured the duration thresholds of test 
stimuli in a study that directly tested the role of contour or the 
amount of spatial overlap upon masking. He employed light-flashed discs 
as both test and masking stimuli. Although the diameter of the test 
flash was held constant at 30' of visual angle, the diameter of the 
mask was varied from 40'-200' of visual angle, He found that as the 
test and mask approached the same size, that the threshold measures for 
the test stimuli became higher. Stecher (1971) carried Kaler's exper-
iment to its logical end in that he used light-flashed discs of equal 
diameter (2°) as test and masking stimuli. He found intensity thresholds 
for the test flashes, and concluded that equal-sized test and masking 
stimuli yielded more extensive masking than did similar studies emplo~vi~J.g 
tests and masks of unequal diameters. Unfortunately, he did not include 
any conditions in his own experiment in which the test and rr~sk were not 
of the same size. 
• 
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Sturr, Frumkes, and Veneruso (1965) utilized a rather unusual 
paradigm in which the mask 1-:as presented both before and after the test 
to explore the effects of changes in spatial parameters upon masking. 
Using black-on-white discs as stimuli, they measured the duration thresh-
old of a test 10' in diameter preceded and followed by a mask which was 
varied from 15'-30' in diameter. They found a decreasing masking effect 
as the mask increased in size with respect to the test, Sturr and 
Frumkes (1968) used an identical paradigm to obtain the same results 
with a mask ranging in diameter from 15'-2° and a test stimulus 10' in 
diameter, In both studies the effects were the same with both foveal 
and peripheral presentation of stimuli. 
Frumkes and Sturr (1968) performed an experiment better designed 
to separate the effects of backward and forward masking than were the 
two above-mentioned experiments. Measures of lmninance thresholds for 
test flashes 43' in diameter were taken for various intervals between 
the test and conditioning (or masking) flashes, These intervals ranged 
from -200 to 200 msec, with the negative values representing a backward 
masking paradigm, The size and luminance of the conditioning flash was 
varied from 57' to 3°30' and from 15.9 to 0.5 mL, respectively. Presen-
tations of stimuli were made both foveally and peripherally, The 
authors found that " • in general, the diameter for maximal increment 
threshold becomes progressively larger as luminance is decreased or as 
stimulation occurs farther in the periphery," but specifically that the 
foveal presentation of higher llliuinance masking stimuli of increasing 
diameter led to decreases in test threshold. Finally, the results of a 
similar study by Battersby and Wagman (1962), which included test and 
masking stimuli of the same size were in agreement with those of Frumkes 
13 
and Sturr, Once again, these authors demonstrated that when the size of 
the masking (or conditioning) stimulus was varied, that it became more 
effective as its size approached that of the test, and that maximal 
masking occurred rrhen the test and mask were equal in diamete:r. 
Two-Flash Discrimination Studies 
Another type of experiment in vision--the two-flash discrim-
ination study--is rather similar to the case in masking in which the test 
and masking stimuli are of equal size. These studies are usually con-
cerned with finding the minimal gap (i.e., the gap detection threshold) 
at which two sequentially presented, spatially overlapping light flashes 
of the same size can be detected as being two separate flashes. At very 
short gaps or ISis the two flashes are reported by subjects as being 
seen as one flash. Although this paradigm differs from most masking 
paradigms in that in two-flash discrimination studies the two stimuli 
are usually of the same duration, (in masking studies the masking stim-
ulus is typically much longer than the test stimulus), some similarities 
between the results obtained from the two types of studies can be drawn, 
Several experimenters (e.g,, Kietzman, 1967; Mahneke, 1958; Purcell & 
Stewart, 1971) have found that as the duration of the two stimulus 
flashes increases, the gap detection threshold (in terms of ISI) de--
creases. Another finding from the two-flash discrimination literature 
which will be pertinent to one part of the pres ent study is that of Lewis 
(1968), who found that as the area of the t wo flashes increases, the gap 
detection threshold decreases. 
14 
Rationale for the Present Study 
Thus, the importance of the amount of spc.tial overlap between 
test and masking stimuli has been found to be a critical factor in 
backward masking in a number of experiments which have employed a wide 
variety of techniques. But the specific temporal determinants of test 
stimuli which approximate the spatial characteristics of the mask have 
not to this author's knowledge been studied. Perhaps the conflicting 
findings in experiments exploring the temporal parameters in masking 
exist because the relationship between spatial and temporal parameters 
has not been fully investigated. It is therefore the purpose of this 
proposal to obtain duration thresholds for three test stimuli of differ-
ent sizes, (see Figure 2), which in two cases successively approach 
(the 4- and 16-point stimuli) and in one case equals (the 36-point 
stimulus) the size of a 36-point mask. Detection thresholds will also 
be found for the 4- and 16-point stimuli when they are masked by them-
selves. In this way the critical temporal determinants (whether lSI or 
SOA) can be determined for test stimuli which exhibit varying degrees 
of spatial and border overlap with a masking stimulus, and for the 
special cases in "~<Thich the test and mask are equivalent. 
.• '. 
•• 
~. 
4-point stimulus 
{ .25°) 
•••• 
• • • • 
• • • • 
• • • • 
16-point stimulus 
(.50°) 
•••••• 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
•• •••• 
36-point stimulus 
(.86o) 
Figure 2. The three stimuli used in the experiment and the degrees of 
visual angle subtended by each. 
·--
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METHOD 
Subjects 
Two trained observers with normal visual acuity served as 
subjects. Both observers had considerable experience as subjects in 
psychophysical experiments. 
Apparatus 
Stimuli were presented on a VR-14 cathode ray tube driven by 
a PDP-8 digital computer. The surface of the cathode ray tube was 
coated with an ultra-short persistence phosphor (P24). The rapid light 
decay time of this phosphor (a few microseconds) allows for strict 
control of the time course of any stimulus displayed on the VR-14 
cathode ray tube. 
Individual dark-adapted subjects sat in a lightproof room facing 
the VR-14, with their heads supported in a chin rest. Subjects viewed 
the stimuli monocularly, from a distance of 60 em. 
The experimenter initiated each trial by means of a teletype 
interfaced to the computer and located in an adjacent room. Subjects 
co~~unicated their responses to the experimenter via an intercom. 
16 
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Materials 
Three stimuli, composed of points of light, were used as either 
test or masking stimuli, or both, at different times during the course 
of the experiment. The stimuli were a J6-point square, subtending .86° 
of visual angle; a 16-point square, subtending .50° of visual angle; and 
a 4-point square, subtending .25° of visual angle, The three test 
stimuli were concentric with each other, and there was complete spatial 
overlap between the points of all three stimuli. The luminance level 
of all three test stimuli was held constant at .80 ft-1. 
The viewing area within which the stimuli appeared was indicated 
by the presence of fixation crosshairs--that is, a set of 4 lines, one 
positioned off the midpoint of each of the 4 sides of the square formed 
by the 36-point stimulus and .50° of visual angle away from that side 
of the 36-point stimulus. Thus, the entire fixation area was a square 
subtending 1.86° of visual angle. Subjects were instructed to fixate on 
the area enclosed by these crosshairs throughout each trial. 
Procedure 
Three experiments were performed in which the test and masking 
stimuli and the range of test durations and ISis differed. The general 
procedure for all of the experiments, followed by the stimulus and 
parameter specifications for each individual experiment, are given 
belovr, 
Detection Wds measured in a forced-choice task . . On any 
experimental trial, either a test and a mask or a mask alone (catch 
trial) were present. The subject's task 1~s to report hnether or not 
ho detected the pYesence of the test stimulus. The tempcral ordering 
of events on each trial was as foll01-1s: 
18 
The fixation crosshairs appeared for one second by themselves 
and remained on throughout the trial. After this 1 second interval, if 
the trial was to be a catch trial, a rr~sk appeared for 500 msec, and 
the trial was completed, If the trial was not to be a catch trial, one 
of the test stimuli was presented prior to the mask at a fixed ISI for 
a variable du_~tion. After the constant ISI the mask appeared for 
500 msec, thus completing the trial. 
Each subject participated in two training sessions, during which 
he was familiarized with the detection task. Within each training 
session the subject received two presentations of every possible test 
stimulus/test stimulus duration/IS! combination, plus an additional 10% 
catch trials. All such trials were displayed randomly during the 
training sessions, 
During experimental sessions, for each ISI value the test stimuli 
were presented at all durations 40 times, according to the method of 
constant stimuli, A subject completed one ISI condition over a period 
of two sessions; thus, each session consisted of 20 presentations of 
the stimuli at each set of durations, plus an additional 10% catch 
trials. The order in which ISI conditions were presented was randomly 
deterilli ned for each subject, with the constraint that all ISI conditions 
were to b<3 vie;wd. once by each subject before the s econd presentation 
of any ISI condition could occur, In addition, at the beginning of ea ch 
experimental session, one of the random orders of stimuli from the 
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practice sessions (from 22-25 trials) vras presented to the subject as a 
warm-up for the task. Responses were not recorded. 
The specific details of each experiment are as follows: 
Experiment 1. All three stimuli--the 4-, 16-, and 36-point--
were masked by the 36-point stimulus. The test stimuli were presented 
at 8 durations, ranging from 3-33 msec for the 4- and 16-point stimuli 
and from 72-128 msec for the 36-point stimulus. These durations were 
selected upon the basis of pilot data. Duration thresholds were measured 
for the 4- and 16-point stimuli at ISis of 0-20 msec, and for the 36-
point stimulus at ISis of 15 and 20 msec. (Extensive pilot data 
indicated that duration thresholds could not be obtained for the 36-
point stimulus at ISis of O, 5, and 10 msec.) 
Experiment 2. As in Exp. 1, the three stimuli were masked by 
the 36-point stimulus. Duration thresholds were obtained for all three 
test stimuli at ISis of 30, 4o, and 50 msec. The test stimuli were 
presented at 5 durations, ranging from 3-15 msec for the 4- and 16-
point stimuli. The ranges of durations for the 36-point stimulus 
varied with the different ISI conditions--3-18 msec for 50 msec ISI, 
24-56 msec for 40 msec ISI, and 40-72 msec for 30 msec ISI. The smaller 
values and ranges of durations in Exp. 2 reflect the results of Exp. 1 
and pilot work. 
Experiment 3. The 36-point stimulus was not used in this exper-
iment. Instead, the 4-point stimulus was masked by itself, and the 16-
point stimulus was masked by itself. Duration thresholds were measured 
for both stimuli at ISis of 15, 30, and 50 msec, and the ranges of 
durations for each stimulus varied Hith the different lSI conditions. 
For the 4-point stimulus the ranges were 152-184 msec for 15 msec lSI, 
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64-96 msec for 30 msec ISI, and 18-50 msec for 50 msec ISI. 'Th;::; :canges 
for the 16-point stimulus were 112-144 rnsec for 15 msec ISI, 48-80 msec 
for 30 msec ISI, and 6-38 Il'.sec for 50 msec ISI. These values reflect 
the results of extensive pilot work. 
RESULTS 
The total number of detections for each subject at each test 
stimulus/lSI/stimulus duration combination were tabulated. All data 
were then correci:.ed for guessing, using the following formula (Kling & 
Riggs, 1971): 
p 
c 
=----
1 - p fa 
where Ph = the proportion of "hits" or detections of a test stimulus 
when one was actually present, and Pfa = the proportion of "false 
alarms" or detections of a test stimulus when none was actually present. 
Each of these data points were then converted to Z scores. A regression 
analysis on the data for each stimulus at each lSI condition was per-
formed. Thus, a different fitted function showing detection as a 
function of test stimulus duration was determined for each lSI/test 
stimulus condition for each subject. A total of 54 such functions (24 
for Exp. 1, 18 for Exp. 2, and 12 for Exp. 3) were obtained. A duration 
threshold, defined as the test stimulus duration at which 50% of the 
stimuli were detected, was obtained for each of the functions. These 
duration thresholds f or all three experiments are plotted as a function 
of lSI for subject JKH in Figure 3 and for subject DCH in Figure 4. 
21 
0 
180 
160 
140 
120 
. """ 0 • 8 .100 
a 
-
80 
60 
20 
.f TARGET 
• 4-pt • 
• 16-pt • 
... J6-pt. 
0 4-pt. 
0 16-pt. 
-~ 
' ' ' 
.l 
' ' 
r ~ 
' 
0 5 10 l.S 20 25 JO J.5 40 
lSI {msec) 
FiGUre J. Duration th~~sholds for subject JKH. 
22 
NASK 
-4-pt. 
16-pt. 
J6-pt • 
J6-pt. 
J6-pt. 
:P w 
t i 
4.5 .50 
2) 
180 
TARGET ~LASK 
T 4-pt. 4-pt. 
160 16-pt. 16-pt. 1!1 
... )6-pt • )6-pt. 
140 0 4-pt. J6-pt. 
D 16-pt. ,36-pt. 
·~ 
120 
,...... 
0 
Q) 
Ill 100 ~ 
'-"' 
rn 
~ 
0 
~ 
~ 80 
~ 
z 
0 
H 
E-i 60 ~ 
B 
40 
•· 
20 
--=::6=---c 
l l _, ... i .... 1--;l. ~ L-1--'1..-..-
10 15 20 25 )0 35 40 1~5 50 
ISI (msec) 
Figure 4. Duration Thresholds for subject IX:;H. 
24 
rrn.., '[)~ f"' l··e+Q ~ -,·Gnrd F:3.Cl1 tl,r·eshold no1"rt ~rld'~''"'te th"' 9~'% confidenCA 
..L!l.._,. .... -~ - ·~ ~ v- o o, __ I _ . 1 _, _ _, __ " .. !. ~'·· . l ..L. ._ .'._..('".,I, • :.- _ _, :J 0 . __ .·.!. . ~ 
intervals for that threshold. 
Seve~~~ -tJ~ings should. be noted about the f ;mctions in Figur-es 
3 and 4. Visual inspection indicates t hat the forms of the ±'unctions 
are in good agreement across the two subjects. Also, the functions for 
Hhich the test and masking stimuli are identical (indicated by the 
closed symbols) are similar in shape and are strikingly different from 
those for which the test and masking stimuli are non-identical (indi-
cated by the open symbols). Tne former functions are elevated above 
and have much steeper slopes than the latter functions, all of which 
have rather shallow slopes. Thus, the duration thresholds decrease with 
increasing ISI for all of the functions, as expected, but this decrease 
is much more pronounced for the cases in which the test and masking 
stimuli are identical. In addition, among these functions, threshold 
duration increases with decreasing test-mask size. For the functions 
in which the 36-point stimulus is used as the mask, however, there 
is a non- monotonic relationship between the amount of masking and the 
size of the test stimulus, as shown by the lower duration thresholds of 
the 16-point test stimulus as compared to those of the 4-point test 
stimulus. 
DISCUSSION 
Two empirical formulations for temporal relations among the 
test and masking stimuli--lSI + test stimulus duration = a constant 
(Haber & Nathanson, 1969) and ISI X test stimulus duration = a constant 
(Kinsbourne & Warrington, 1962)--Here set forth earlier in this paper to 
be tested as part of this experiment. The figures that resulted when 
the data from this experiment w-ere substituted into the above two 
equations are shown in Tables l and 2. In general, the figures fou.11d 
in this manner increase 11ith increasing ISI in the conditions in which 
the test and masking stimuli are non-identical and decrease with in-
creasing ISI in the conditions in which the test and masking stimuli are 
identical, Unfortunately, a constant was not obtained for any test-ITask 
combination while using either of the above formulations, although appli-
cation of the formula ISI + test stimulus duration yielded smaller dif-
ferenc~s between each resulting figure. Because of the inconclusive 
nature of these data, it is not possible to determine from this exper-
iment which temporal variable--lSI or SOA--is of critical importance in 
determining the extent of masking. 
The effects of the spatial manipulations between the test and 
masking stimuli are g_ui te markt..>d. The significantly elevated thresholds 
and the steeper slopes of the functions for the conditions in which the 
test and masking stimuli were identical are seemingly d.ifficuJ.t to 
explain in the light of previous studies, The non-monotonic relationship 
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Iable l. A test of' the t\{O tempo~ra1 lar~sr tts:tng the data :froln 
subject jlGI . 
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+ Note: 
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Duration 
19.0 
2J..9 
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15.7 
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108.2 
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68.4 
61.2 
185.8 
104.6 
80.2 
13'7 ,I+ 
9).9 
67.3 
Indicates that 
stimulus. 
Indicat~~s that 
the 
the 
EXPERIMENT I * 
4-point Test Stimulus 
* 16-point Test Stimulus 
36-point '!'est Stimulus*+ 
EXPERINENT II * 
4-point Test Stimulus 
* 16-point Test StL~ulus 
36-point Test Stimulus*+ 
EXPERIMENT III + 
4-point Test Stimulus 
16-point Test Stimulus+ 
test stimulus 1·.as masked 
test stimulus >-laS masked 
IS~ X Test Stinul~s 
Duration 
by 
by 
the 
84.5 
138.0 
204.0 
288.0 
73.5 
109.0 
130.5 
210.0 
1813.5 
1764.0 
2)4.0 
280.0 
360.0 
213.0 
236.0 
300.0 
1422.0 
1136.0 
560.0 
2562.0 
2238.0 
1510.0 
1836.o 
191?.0 
865.0 
36-point 
itself. 
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Table 2. A test of tho t~~o tem:pc:::::al laws, usir.g the data from 
sub,ject DCH. 
lSI + Teet Stimulus ISI X Test Stimulus 
Duration Duration 
EXPERIMENT I 
* 4-point Test Stimulus 
0 23.2 
.5 26.4 107.0 
10 27.2 172.0 
1.5 3.5.2 303.0 
20 37.3 
* 
346.0 
16-point Test Stimulus 
0 18.9 
.5 18.4 67.0 
10 23.6 136.0 
1.5 27.7 190 • .5 
20 29.6 
*+ 192.0 36-point Test Stimulus 
1.5 1)4.0 1785.0 
20 113.1 1862.0 
EXPERIMENT II 
* 4-point Test Stimulus 
I 30 39.6 28f3.0 
s 4o 47.8 312.0 
I .50 57.4 
* 
370.0 
16-point Test Stimulus 
30 37.1 213.0 
4o 44.7 188.0 
50 .52 .5 
36-point Test Stimulus *+ 
125.0 
30 90.7 1821.0 
4o 80.5 1620.0 
· 50 62 • .5 62_5.0 
EXPERIMENT III + 4-point Test Stimulus 
15 173.9 2383.5 
30 112.9 2487.0 
.50 81.3 + 1565.0 16-point Test Stimulus 
15 130.5 1732.5 
30 96.7 2001.0 
sq ?4.9 124.5.0 
* Indicates that the test stimulus was :rr.a.sked by the 36-point Note: 
+ 
stimulus. 
Note: Indicates that the test stimulus was rna~ked by i tse1f. 
between the <>-rno1mt of spatial overlap and the aJilount of masking does 
not agree. l·r.i.th the result::: of Battersby and ~·lagman (1962) and Frumkes 
2.11d Stur:r (1968), '~<Tho founQ that as the size of the masking stimulus 
approaches t:b..at ·of the test stimulus that masking is more pronounced. 
' Although, in this experiment, the cases in which the size of the test 
stimulus equals that of the masking stimulus produce the strongest 
masking effects, in the cases in which the 36-point stimulus serves as 
the mask, the thresholds for the 4-point test stimulus are elevated 
above those for the 16-point test stimulus. This latter result does 
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not agree with the findings mentioned earlier because the test stimulus 
furthest in size from the masking stimulus did not yield the lowest 
thresholds--that is, the 4-point stimulus is more difficult to detect 
than is the 16-point stimulus, when both are masked by the 36-point 
stimulus. It should be noted that both Battersby and Wagman and Frumkes 
and Sturr held the size of the test stimulus constant and manipulated 
the size of the masking stimulus. One could then argue that in the 
present experiment, in the conditions in which the )6-point stimulus 
was used as the mask, the 16-point test stimulus .is more easily detected 
tha~ is the 4-point test stimulus, because the 16-point stimulus con-
tains more energy; that is, the 16-point stimulus is composed of 12 more 
points of light than is the 4-point stimulus. This areal summation 
effect does not extend to the case in which the 36-point stimulus is 
masked by itself, however. In this case the thresholds are strikingly 
elevated above those of the other two stimuli, even though the 36-point 
stimulus contains much more energy than either of them. 
Later.al inhibition is one mechanism mentioned by M. L. Matthews 
in 1971 and Frumkes and Sturr in 1968 which may possibly .explain the . 
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results obtfd.r~ecl :i.r! thl~ ~xpS>r.':Jnent, This :physiological :process :produces 
an enhancement of the border of a dark-light field. In the :present 
experiment when the 4-· and 16-:point Gtimuli are masked by the 36-:point 
stimulus, the borders of the test and masking stimuli do not overlap. 
Since all of the points that the test and masking stimuli have in common 
overlap completely spatially, it may be that detection in this experiment 
consists of detecting the presence of the borders of the test stimuli. 
Therefore, the enhanced borders of the 4- and 16-point stimuli _may 
facilitate the detection of those stimuli in the cases in which they are 
masked by the larger 36-point stimulus. But in the three cases in which 
the test and masking stimuli are identical, their light-dark borders 
coincide. Since the borders of both the test and masking stimuli are 
enhanced, the facilitating effects of lateral inhibition on detection 
of the test stimulus are lost under these conditions. 
Anotherpossible mechanism mediating detection, which has not to 
this author's knowledge been put forth by previous investigators, is 
apparent movement. Sperling (1965) noted that in the case in which 
the test and masking stimuli are non-identical that both spatial and 
temporal transients are present, while in the case in which test and 
masking stimuli are identical that only temporal transients are present. 
In this experiment, the presence of spatial and temporal transients gave 
rise to the phenomenon of apparent movement. Both subjects informally 
reported detecting the 4- and 16-point test stimuli, when they were 
masked by the J6,...point stimulus, by attempting to discem movement as 
each trial was presented to them. In the cases in which the test and 
masking stimuli were equal, however, neither subject reported seeing 
any movement at all. In these cases, as Sperling noted, .only temporal 
t.r.:;nsient.s OJ:' di.sconti:nujties jndj.cated the termination of the test 
stimulu6 and the l:Jeginning of the masking stimulus. The task, there-
stimuli, such as in a typical two-flash discrimination study. Indeed, 
these data were in agreement with those of Lewis (1968), who, using a 
two-flash discrimination paradigm, fo~~d that as the area of the two 
flashes decreases, that the gap detection threshold increases. It is 
possible, then, that the presence of spatial and temporal transients 
between the test and masking stimuli leads to the appearance of move-
ment, in that the test stimulus seems to expand toward the larger 
masking stimulus. In the absence of spatial transients, however, the 
subject must rely solely upon detecting the temporal gap between the 
test and masking stimuli. 
At this point it is not possible to determine whether the best 
explanation of these data rests upon the phenomenon of lateral inhi-
bition or the presence or absence of spatia-temporal transients, which 
lead to apparent movement. It may be that both of these mechanisms, 
operating independently, mediate the detection process. 
r.,""' 
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